Macrophages and various subtypes of lymphocytes were identified in the ram and the rat testis by using cytochemical and immunocytochemical techniques. Large and round acid phosphatase-positive cells, notably macrophages, were observed in the rat testis. These cells were absent in the ram testis. Small, elongated cells exhibiting acid phosphatase activity were observed in the testis of both species. The rat testicular interstitium contained 7\m=.\7times as many acid phosphatasepositive cell profiles/surface area unit as did the ram testicular interstitium. T lymphocytes were only occasionally seen in the testis of rat and ram. B lymphocytes were not found in the ram. None of the cell types studied was found in the germinal epithelium.
Introduction
The testis is considered to be an immunologically privileged site together with the brain, adrenal cortex, cornea and certain other organs (Head & Billingham, 1985b) . Thyroid (Aron et al, 1957) , parathyroid (Head et al, 1983a; Head & Billingham, 1985a ) and pancreatic islet (Ferguson & Scothorne, 1977a, b; Maddocks et al, 1984) allografts and pancreatic islet xenografts (Bobzien et al, 1983) have been shown to survive in the testes of rodents for remarkably long times. However, Maddocks et al (1985) reported that thyroid allografts were rejected from the testicular interstitium of rams. Several factors may contribute to the immunological environment in the testis, including natural immunosuppressive agents (Roubinian et al, 1977; Whitmore et al, 1985; Head & Billingham, 1985a) , lymph drainage (Head et al, 1983b) and the presence or absence of haematogenic elements, such as macrophages and lymphocytes (Pöllänen & Niemi, 1987) . The ram and the rat testis apparently differ from each other in one or several of these factors. The lymph drainage of testis is organized differently in these two species (Fawcett et al, 1973) .
Macrophages have been identified in the interstitial tissue of the rat testis (Niemi et al, 1986) . They have been shown to contain class II major histocompatibility antigen (Niemi et al, 1986 ) and immunoglobulin (Fc) receptors on their surface (Miller et al, 1983) . The presence of different types of lymphocytes in the testis has not been systematically studied, although there are occasional remarks on their existence in the interstitial compartment (Ritchie et al, 1984; Niemi et al, 1986 ).
The present study was undertaken to identify macrophages and various classes of lymphocytes in the ram and the rat testis, and to investigate any differences in the cellular composition of the interstitial tissue compartment of these two species, which might account for the different response to allografts.
Materials and Methods
Testes removed from ether-anaesthesized adult Wistar rats and pieces of the testes of slaughtered Finnish Landrace rams were frozen in liquid nitrogen and cut into 5 µ sections in a cryostat. The sections were dried at room temperature and fixed in cold acetone ( -20°C) for 15 min.
Small pieces of fresh testis tissue were also fixed by immersion in phosphate-buffered 4% /--formaldehyde overnight. The tissues were kept in an arabicum-sucrose medium until they were sectioned in the cryostat.
Cytochemistry. Macrophages were identified by histochemical demonstration of their acid phosphatase activity (Cohn & Wiener, 1963) . The lead salt method of Gomori ( 1941 ) and the azo-dye method of Barka & Andersson ( 1962) were used. Naphthol-AS-TR phosphate is the substrate in the latter method and hexazotized pararosaniline served as the coupler. In control incubations, the sections were incubated without the substrate.
Immunocytochemistry. The antibodies used are shown in Table 1 . The indirect immunoperoxidase method was used to visualize the cell type-specific antigens.
Before incubation with the primary antibodies, non-specific binding sites were blocked with 5% normal rabbit serum. The primary antibody was allowed to react with the sections for 60 min at room temperature. The control sections were incubated with normal mouse serum. The sections were then washed with phosphate-buffered saline (PBS, 140mM-NaCl, 8 mM-Na2HP04, 2 mM-NaH2P04, pH 7-2) three times. They were incubated with peroxidaseconjugated rabbit anti-mouse immunoglobulins (Dakopatts, Copenhagen, Denmark) diluted 1:50 in PBS containing 1 % bovine serum albumin for 30 min at room temperature. Sections were finally washed three times with PBS.
The peroxidase activity was demonstrated with diaminobenzidine (Farr & Nakane, 1981) . Mayer's haemalum was used for counterstaining.
Semithin sections. Testes of adult rats and adult rams were removed, perfused through the testicular artery first with saline (rat, 30 sec; ram, 2 min) and thereafter with 5% glutaraldehyde + 3% /--formaldehyde in 0-2 M-cacodylate buffer, pH 7-2 (rat, 15 min; ram, 60 min). Pieces of approximately 1 mm3 in size were sampled and immersed in the Toluidine blue staining in a semithin plastic section of rat testis. Note the round macro¬ phage (arrow) in the border of lymph sinusoid and the interstitial cell cluster, and its close association with the adjacent Leydig cell, 1280. Fig. 2 . Toluidine blue staining in a semithin plastic section of ram testis. 1340. Fig. 3 . Acid phosphatase activity in a para-formaldehyde-fixed frozen section of rat testis. Note the elongated positive cell (arrow), 150. Fig. 4 . Acid phosphatase activity in a para-formaldehyde-fixed frozen section of ram testis.
Only elongated positive cells are present (arrow), 150. same fixative overnight. The pieces were then washed in buffer, post-fixed in 2% aqueous 0s04, dehydrated and embedded in Epon. Semithin (1 µ ) sections were cut, stained with toluidine blue and examined with a light microscope. Paraffin wax sections. Pieces of ram and rat testicular tissue fixed in 4% paraformaldehyde or Bouin's fluid were embedded in paraffin wax, sectioned and stained with toluidine blue to reveal metachromatic mast cells.
Morphometry. The number of acid phosphatase positive interstitial cell profiles/surface area unit of whole testis was counted in multiple randomly chosen fields in both the ram and the rat testis. The proportion of the testis made up by interstitial tissue in these species was estimated by point counting in several random microscope fields (Baak & Oort, 1983 ). The number of acid phosphatase-positive cell profiles/surface area unit of the interstitium was calculated by dividing the number of positive cell profiles/surface area unit of whole testis with surface area units interstitial tissue/surface area unit of whole testis.
Results
Cells with morphological characteristics of macrophages were identified in the toluidine bluestained semithin sections of rat testis (Fig. 1) . These cells were relatively large and round in shape. The nuclei were round, but had small indentations in the nuclear envelope. The cytoplasm con¬ tained numerous densely stained granules and vacuoles. The cells were often associated with Leydig cells. Similar cells were not found in the toluidine blue-stained sections of ram testis (Fig. 2) .
In sections treated to reveal acid phosphatase activity numerous large and round positive cells were observed in the rat testis (Fig. 3) . These cells were similar in size and shape to the cells observed in the toluidine blue-stained sections. Such cells could not be found in sections revealing acid phosphatase activity of the ram testis. Only a few phosphatase-positive cells were seen in the ram sections and these were elongated in shape (Fig. 4) , and contained small cytoplasmic granules. Occasional elongated positive cells were also seen in the rat testis (Fig. 3 ). The control sections were negative.
In the toluidine blue-stained semithin sections of the ram testis, the nuclei of the elongated cells were irregular and appeared light in colour. The thin cytoplasm contained numerous granules. The features of the elongated cells in the rat testis were similar.
The round acid phosphatase-positive cells were scattered throughout the interstitium of the rat testis. The elongated cells found in both the ram and the rat testis were seen exclusively in the interstitial tissue, although occasional positive cells were found in close association with the lamina propria of the seminiferous tubules. Macrophages were not observed inside the tubules in either of these species.
The rat testicular interstitium contained 7*7 times as many acid phosphatase-positive cell profiles per area as did the ram testis ( Table 2 ). The proportion of the testis made up by interstitial tissue was 2-2 times higher in the ram testis than in the rat testis (Table 2) .
T-lymphocytes (ram, ST-1 +, rat, MRC Ox 19 + ) were only occasionally observed in the testes of rats and rams (Figs 5, 6) . The few T-lymphocytes seen were usually close to the blood vessels Relation of positive cell profiles/surface area unit of interstitium (rat to ram) and were never seen in the tubules. Very few helper/inducer (T80 + ) or cytotoxic (ST-8 + ) lymphocytes were seen in the ram testis and no B-lymphocytes (E-53 + ) were found. The class-II major histocompatibility antigen (MRC Ox 19) was found on the endothelial cells and macrophages in rat testis (Fig. 7) . In ram testis the SB-1 antigen was localized on the endothelial cells and occasional interstitial cells (Fig. 8) . The rat seminiferous epithelium did not stain positive for the class-II major histocompatibility antigen and in the ram the germinal epithelium was also negative for the SB-1 antigen (Fig. 8 ). The control sections were negative.
In the toluidine blue-stained paraffin wax sections of ram and rat testicular tissue, mast cells, as judged by the presence of metachromasia, were not found.
The various immune cells found in the ram and the rat testis are summarized in Table 3 . (Sowerbutts el al, 1986 ).
Discussion
The present findings demonstrate differences in the magnitude and composition of the testicular macrophage population between the ram and the rat. In previous reports (Christensen, 1975; Bergh, 1985; Niemi et al, 1986) , cells identified as macrophages by various means comprised about 25% of all the interstitial cells in the rat testis. The results obtained in this study using the cyto¬ chemical demonstration of acid phosphatase activity (Cohn & Wiener, 1963) confirm these earlier reports. However, in contrast to these previous reports we have observed two morphologically different types of cells exhibiting acid phosphatase activity in the rat testis: large round macro¬ phages and small elongated cells. The latter cells resemble the tissue histiocytes described by Stieve (1930) and may represent the stem cells of testicular macrophages and Leydig cells (Clegg & MacMillan, 1965) . Similar elongated cells were present in the ram testis. While mast cells also exhibit acid phosphatase activity (Paff et al, 1947) , and they have been found in the rat testicular capsule in the vicinity of the testicular artery (Sowerbutts et al, 1986) and in the human testis (Hermo & Lalli, 1978; Nistal et al, 1984) , no cells containing metachromatic granules were observed in the toluidine blue-stained paraffin wax sections of the ram or the rat testicular parenchyma. Two types of phagocytosing cells can be observed in another immunologically privileged site, the adrenal cortex (Kerr, 1972) . In the deep adrenal cortex, cells different from monocytes are involved in the deletion of degenerating steroid-secreting cells . These cells respond to ACTH withdrawal by increasing destruction of adrenocortical cells (Wyllie et al, 1973) . The testicular macrophages are often found in close association with the Leydig cells (Bergh, 1985; Niemi et al, 1986) , they have been reported to respond to FSH stimulation (Yee & Hutson, 1985) and phagocytose Leydig cells after ethane dimethane sulphonate (EDS) administration (Jackson et al, 1986; Kerr et al, 1986; Morris et al, 1986) . The round testicular macrophages, like the nonmonocyte phagocytosing cells in the adrenal cortex, might delete degenerating Leydig cells in response to changes in hormonal levels. Born & Wekerle (1982) reported that the Leydig cells non-specifically suppressed mitogenor allogeneic cell-induced lymphoproliferation. They suggested that the Leydig cells, which have also been reported to adhere non-specifically to lymphocytes and leukaemic cells (Rivenzon et al, 1974; Born & Wekerle, 1982) , would provide an immunologically weak zone in the testicular interstitium, a region in which the leukaemic cells often first reappear after chemotherapy (Saiontz et al, 1978) . However, the Leydig cell preparations of Born & Wekerle (1982) were partly characterized by criteria that are also attributable to testicular macrophages (Molenaar et al, 1984) , and the prep¬ arations contained 10-20% non-Leydig cells. Spleen macrophages have been shown to express immunosuppressive activity in normal (Oehler et al, 1977) and leukaemic (Glaser et al, 1975 ) rats, and it is possible that testicular macrophages contaminating the Leydig cell preparations were responsible for the immunosuppression reported.
The round testicular macrophages in the rat express the class-II MHC antigen. The presence of SB-1 antigen in the ram is well correlated with the presence of MHC II antigen (M. Miyasaka, personal communication), and cells bearing the SB-1 antigen are occasionally seen in the ram testis. This suggests that the small elongated cells expressing acid phosphatase activity in the ram testis are possibly macrophages capable of antigen expression to the T-inducer lymphocytes. The absence of class-II antigen from the germinal epithelium in both species may assist in protecting the immuno¬ logically foreign germ cells from immune surveillance, and make the initiation of an immune response difficult. The human germinal epithelium is also devoid of class-II MHC antigen (Pöllänen & Niemi, 1987) . lymphocytes were found in the ram and the rat testis, although they were few in number. It is therefore unlikely that the difference in allograft survival in the testes of the ram and the rat is due to a difference in lymphocyte migration to the testicular parenchyma. This view is supported by the observation that long-established intratesticular allografts in the rat are promptly rejected after specific acute immunization of the host (Head et al, 1983a) .
The reason for the survival of transplants in the rat testis is still obscure. However, the present results demonstrate differences in the cellular composition of the testicular interstitium between ram and rat (Tables 2 and 3 ). It is known that macrophages (Oehler et al, 1977) and supernatants from macrophage cultures (Keller, 1975) can inhibit lymphocyte proliferation in vitro. There is still the possibility that the macrophages in the rat testis contribute to the immune privilege of this site by modifying directly or indirectly the activity of Leydig cells.
